Research in science education has documented achievement gaps between men and women in math and physics that may reflect, in part, a response to perceived stereotype threat. Research efforts to reduce achievement gaps by mediating the impact of stereotype threat have found success with a short values-affirmation writing exercise. In biology and biochemistry, however, little attention has been paid to the performance of women in comparison with men or perceptions of stereotype threat, despite documentation of leaky pipelines into professional and academic careers. We used methodologies developed in physics education research and cognitive psychology to 1) investigate and compare the performance of women and men across three introductory science sequences (biology, biochemistry, physics), 2) document endorsement of stereotype threat in these science courses, and 3) investigate the utility of a values-affirmation writing task in reducing achievement gaps. In our study, analysis of final grades and normalized learning gains on content-specific concept inventories reveals no achievement gap in the courses sampled, little stereotype threat endorsement, and no impact of the values-affirmation writing task on student performance. These results underscore the context-dependent nature of achievement gaps and stereotype threat and highlight calls to replicate education research across a range of student populations.
INTRODUCTION
Despite decades of active recruitment, women remain underrepresented in science, technology, engineering, and math (STEM) disciplines both in the United States and globally (Hewlett et al., 2008; Simard et al., 2008) . Women leave STEM fields at all stages of their careers-as undergraduates, graduate students, professionals, and in the transitions between each stage, a phenomenon described as the leaky pipeline. In biology, for example, although women have reached parity with men when graduating from undergraduate and postgraduate schooling, women represent approximately onethird of the academic workforce (National Science Foundation [NSF], 2011) . In contrast, the physics pipeline leak begins much earlier and is more substantial. Despite the fact that women and men are nearly equally represented in high school physics classes (44% vs. 56%), the pipeline turns into a "gaping hole" when they reach college (McCullough, 2002) . Women comprise only 21% of physics undergraduate degrees, 22% of master's degrees, and 16% of PhDs (Mulvey and Nicholson, 2008) . As these women move into academic and professional roles, they comprise 11% of the workforce (NSF, 2011) .
The underlying causes of this disparity between men and women are numerous, complex, and pervasive. However, a recent meta-analysis of research on the gender gap in STEM (Hill et al., 2010) found bias, stereotype threat, and social factors as prime driving forces contributing to the loss of women from STEM fields. In fact, recent work by Moss-Racusin et al. (2012) found science faculty across disciplines and regardless of gender exhibited an unconscious gender bias against undergraduate women, underscoring the pervasive and persistent nature of cultural stereotypes regarding women in science.
Gender and Achievement in Undergraduate Science Courses
The disparity between women and men in STEM disciplines may extend to achievement at the college level, resulting in a gender achievement gap-the persistent and pervasive underperformance of women as measured by exam scores, course grades, and learning gains on validated concept inventories.
Evidence for an achievement gap in biology and biochemistry at the undergraduate level is largely missing, in part because the fields are young. Women routinely underperform their male counterparts on the Medical College Admission Test, a pattern that can be traced back at least a decade (American Association of Medical Colleges, 2012) . Further, a recent study by Willoughby and Metz (2009) found mixed evidence of a gender gap in an introductory biology course: women had significantly lower normalized learning gains as measured by a biological diagnostic test, but this result was not reproducible with any other measure, including alternative learning gain calculations, overall course grades, and individual exam scores. Many students from introductory biology go on to take introductory biochemistry. Yet there are few diagnostic tests for biochemistry (e.g., American Chemical Society Biochemistry Exam, Biochemistry and Cell Biology Graduate Record Examinations), and, to date, none have been used to explore the existence of a gender gap. Such limited results underscore the need for additional studies of how women and men perform in undergraduate life sciences courses, a need echoed by the recently released report on the status of discipline-based education research (DBER) by the National Academies of Science (2012) .
In contrast, gender achievement gaps are well documented in physics at the undergraduate level (Lorenzo et al., 2006; Pollock et al., 2007; Kost et al., 2009; Brewe et al., 2010; KostSmith et al., 2010) . The calculus-based introductory physics sequence, a gateway to majors in physics and many other STEM disciplines, is the most frequently studied in physics education research (PER). A distinct gender gap exists on conceptual surveys among students before instruction (Lorenzo et al., 2006; Pollock et al., 2007; Brewe et al., 2010) , but some of this disparity may be due to gender bias in the instruments themselves (McCullough and Meltzer, 2001; Docktor and Heller, 2008; Willoughby and Metz, 2009; Dietz et al., 2012) . In courses with traditional instructional methods, this gap appears to persist; however, when instruction consists of highly interactive, research-validated instruction, the prevalence of an achievement gap is less consistent. Although learning gains are significant regardless of gender, some research finds the achievement gap reduced (Lorenzo et al., 2006) , while other research finds the gap persists (Pollock et al., 2007; Brewe et al., 2010) . As noted previously, the presence of an achievement gap may be an artifact of overreliance on potentially biased conceptual surveys, especially when associated course grades and final exams do not reveal such a significant gap (Docktor and Heller, 2008; Willoughby and Metz, 2009) .
In many instances, the gender gap in physics is attributed to disparities in mathematical preparation and ability. While a strong and persistent belief in a gender achievement gap in mathematics has prevailed for decades (e.g., Kane and Mertz, 2012) , evidence for its existence is less conclusive (e.g., Hyde, 2005; Guiso et al., 2008) . In a meta-analysis of six large survey studies, Hedges and Nowell (1995) documented a small mean difference in mathematics achievement between men and women and modest differences in variance. More recent data in the United States refute a mathematics gender achievement gap, at least in the general populace grades 2 through 11 (Hyde et al., 2008) . Analyses of international data collected through studies such as the 2003 Trends in International Mathematics and Science Study (TIMMS) and 2003 Program for International Student Assessment (PISA) reveal significant variability between nations in the presence and effect size of a gap (Guiso et al., 2008; Nosek et al., 2009) . While there seems to be some agreement that, in some contexts, the gender achievement gap is narrowing or may no longer exist, the implications for such a gap, no matter how small, are still of import. Hedges and Friedman (1993) predict that even a difference as small as 0.3 SD coupled with modest variance can account for as much as 2.5 times as many men in the top scoring percentiles than women.
In instances in which an achievement gap has been documented, the underlying causes of these differences in math performance are likely multiple and the relationships between them complex. Contextual factors play a key role in predicting differences in achievement. Analyses of TIMMS and PISA data identified sociocultural indicators of gender equality within a nation as a strong predictor of differences in achievement (Guiso et al., 2008; Nosek et al., 2009 ). Niederle and Vesterlund (2011) provide evidence that women perform differently than men on mathematics-related tasks when the situation is perceived to be highly competitive.
Stereotype Threat
Stereotype threat, described as a "risk of confirming . . . a negative stereotype about one's group" (Steele and Aronson, 1995) , may undermine achievement in the STEM classroom. Stereotype threat is not limited to gender and can apply to many intrinsic characteristics, including race, ethnicity, income level, and academic ability (Allport, 1954; Steele, 1997) ; however, we focus here on the impact of stereotype threat on the performance of women in undergraduate STEM courses.
Stereotype threat may be highly contextual, triggered by a survey item (Steele and Aronson, 1995) , the gender of the instructor (Delisle et al., 2009) , or instructional practices (Kreutzer and Boudreaux, 2012) , and can undermine academic success in several ways. First, stereotype threat can produce stress and induce anxiety, causing a student to become more self-conscious about his or her performance and to actively try to suppress those emotions, which may tax working memory and lead to decreased performance (Steele and Aronson, 1995; Schmader et al., 2008; Delisle et al., 2009) . Second, prolonged exposure to stereotype threat can result in disidentification, wherein a student stops associating with a given stereotyped group and avoids situations likely to be perceived as threatening Steele et al., 2002) . In science, stereotype threat may contribute to the leaky pipeline, causing the attrition of women from science-related majors.
While stereotype threat has become a popular explanation for differences in performance between men and women in STEM disciplines, recent work by Stoet and Geary (2012) calls into question the strength of empirical evidence supporting this hypothesis. They reviewed the research on gender differences in mathematics and performance and achievement to determine the strength of evidence supporting results from the original, critical study documenting activation of stereotype threat in mathematics (Spencer et al., 1999) . Stoet and Geary (2012) concluded that the evidence for activation of stereotype threat as the mediating factor of a gender achievement gap is far from robust. Although they identified 141 articles related to stereotype threat in mathematics, 20 of these were replication studies. Of these, just 11 (55%) were able to replicate the activation of stereotype threat as presented in the original paper. While they do not dismiss stereotype threat as a valid hypothesis, they do call into question the strength of the effect on achievement and performance, and they caution researchers and policy makers alike to consider the vast array of other possible contributing factors to the gender achievement gap.
Reducing the Impact of Stereotype Threat
Empirical work focused on ways to reduce or eliminate the effects of stereotype threat has revealed a number of simple yet effective measures, including educating at-risk populations (Johns et al., 2005) and manipulating test-taking instructions (Steele and Aronson, 1995; Spencer et al., 1999; Johns et al., 2005) . Social psychologists have also reduced the effects through mediation of contextual and societal factors related to stereotypes. Individuation has proved effective by explicitly distinguishing between the stereotyped individual and the stereotype to minimize stereotype usage (Locksley et al., 1980; Langer et al., 1985) and allowing stereotyped students to distance themselves from the stereotype in question, while remaining engaged in the task or course (Ambady et al., 2004) . Finally, because women are more likely to endorse the stereotype that science is for men when suitable female role models are largely absent (i.e., few female faculty; Delisle et al., 2009) , simply increasing the visibility of and engagement with positive female role models has proven efficacious (McIntyre et al., 2004) . In fact, simply having a competent woman administer a mathematics exam was sufficient to reduce the achievement gap in one study (Marx and Roman, 2002) .
Values-affirmation tasks have recently received a great deal of attention (e.g., Cohen et al., 2006; Miyake et al., 2010) for their ability to reduce or eliminate stereotype threat. In this type of intervention, individuals take 10-15 min to write about values that are personally important but unrelated to the course. Such writing tasks appear effective in reducing or eliminating stereotype threat for African Americans (Cohen et al., 2006; Walton and Cohen, 2007) and women (Martens et al., 2006; Miyake et al., 2010) , with effects that may persist over time (Cohen et al., 2009; Walton and Cohen, 2011) . Although short and simple, values-affirmation writing tasks draw directly on students' experiences to actively engage each student as an individual (Yeager and Walton, 2011) and may promote deep processing to effect powerful results (Schwartz and Martin, 2004; Chase et al., 2009) . Thus, although simple, values-affirmation writing tasks have the potential to profoundly impact students experiencing stereotype threat (Yeager and Walton, 2011) .
Testing the Efficacy of Values-Affirmation Tasks in Introductory Science
The work of Miyake et al. (2010) and Cohen et al. (2006) is encouraging, but each study represents only a single course or cohort of students at one institution. Given the complex nature of the classroom and the myriad factors that contribute to learning, it is necessary to replicate the values-affirmation study across institutions, semesters, and courses; indeed, this lack of replication studies is a serious deficit of current DBER practices (Singer et al., 2012) .
This study addresses this deficiency and specifically investigates the gender achievement gap across introductory science courses and tests the efficacy of a values-affirmation task in improving student performance. Specifically, we 1) characterized and compared the performance of women and men across three introductory science sequences (biology, biochemistry, and physics) at a large, public, research-intensive university; 2) documented endorsement of stereotype threat in these science courses; and 3) determined the utility of a values-affirmation writing task in reducing achievement gaps that may exist.
METHODS

University and Course Context
This land-grant, research university serves more than 14,000 undergraduate and graduate students. Women comprise 42% of the undergraduate population and 50% of the graduate population. Across the university, incoming freshmen have an average composite ACT score of 23.8 and an average high school grade point average (GPA) of 3.37.
This study targeted four science courses considered introductory for majors in the discipline, including introductory calculus-based physics 1 and 2, introductory biology, and introductory biochemistry. Introductory physics 1 is a lecturebased course taught by a male faculty member, and introduces Newtonian mechanics of translational and rotational motion, energy, work, power, momentum, conservation of energy and momentum, periodic motion, waves, sound, and heat and thermodynamics. Enrollment is typically 90-100 students. Introductory physics 2, taught by a female faculty member, is also a lecture-based course, and focuses on conceptual understanding of topics including electric charge; electric field; potential and current; magnetic field; capacitance, resistance, and inductance; circuits; electromagnetic waves; and optics. Enrollment is typically around 200 students. Introductory biology is a very large (300-400 students), lecture-based course taught by a female faculty member, and introduces students to cellular and molecular biology, genetics, and evolution. Biochemistry is also a large, lecture-based course with average enrollments of 300 students taught by a female faculty member, and focuses on biomolecules, generation and use of metabolic energy, biosynthesis, metabolic regulation, storage, transmission, and expression of genetic information.
Gender Achievement Gap
To investigate the presence and persistence of a gender achievement gap, we collected data, specifically final course grades by gender, from iterations of these courses taught in the 2010-2011 academic year. We also collected these data from Fall 2011, the same semester in which the valuesaffirmation writing task was implemented.
Values-Affirmation Exercise
We followed the protocol described by Miyake et al. (2010) to implement the values-affirmation exercise in four different introductory science courses in the Fall 2011 semester. This exercise was unrelated to the content of any of the courses included in this study. The exercise was distributed in a double-blind manner within the lecture component of each course. Given the predicted benefits of the task, we randomly assigned ∼60% of students in each course to the values-affirmation treatment group and ∼40% to the control group (Table 1 ). The first writing exercise was distributed the second week of classes, following students' completion of a discipline-appropriate concept inventory (Figure 1) . A research assistant unaffiliated with any of the courses included in this study implemented the writing task following a welldefined script. Students were given 15 min to complete the writing task. In the week prior to the second exam, students were asked to again complete the values-affirmation writing exercise. This "booster shot" was intended to help students reaffirm their values. This time, the writing exercise was administered online through a class Web page as a regular homework assignment. Students were invited individually to follow a link to an online replica of the writing exercise done in class, and the treatment conditions were kept the same as the first implementation. The instructions were the same, suggesting that students spend ∼15 min on the exercise. 
Stereotype Endorsement Measures
Again, following the protocol of Miyake et al. (2010) , we also distributed a survey to measure students' endorsement of gendered stereotype threats, namely that men are generally better at a particular science (e.g., physics, biochemistry, or biology). Within the 45-item survey, we distributed two stereotype endorsement prompts, customized to each course: 1) according to my own personal beliefs, I expect men to generally do better than women in physics (or biochemistry or biology), and 2) according to my own personal beliefs, I expect women to generally do better than men in physics (or biology or biochemistry). The participants were asked to indicate their agreement on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). This approach does not specifically prime students' stereotype threat (e.g., by asking them to identify as female); rather, stereotype threat is activated by situational pressure, that is, being aware of the stereotype threat and being a member of the threatened group (e.g., women perform more poorly than men in science and I am a woman; e.g., Marx and Stapel, 2006) .
Outcome Measures
The main outcome measures for this study included final course grades and learning gains (Hake, 1998) , the latter measured by student performance on a discipline-appropriate concept inventory (Table 2) . To test for differences between the performance of men and women, we used a chi-square analysis, with Fisher's exact test when sample sizes were too 
RESULTS
Gender Achievement Gap
There was no significant relationship between the distribution of final course grades and gender in biology or physics for any semester or section (Table 3) . For biochemistry, however, there was significance, which shows a relationship between gender and letter grade for Fall 2011; however, women seemed to outperform men in this class and semester, although the effect size was small (V = 0.2, 95% CI [0.14, 0.3]). Further, we found no significant differences between normalized learning gains of men and women for any course (Table 4) .
Stereotype Threat Endorsement
In all courses, students overwhelmingly rejected the claim that men do better than women in biology, biochemistry, or physics, with more than two-thirds of students strongly disagreeing or disagreeing with the statement (Figure 2 ). The distribution of responses for men differed significantly from women only in biology (χ 2 (4) = 23.29, p < 0.001), with women more likely to disagree with this claim. 
Values-Affirmation Writing Task
In all courses but one, physics 2, learning gains were higher for the treatment group over the control group, significantly so for only physics 1 (Table 5) , with a moderate effect size (d = −0.7, 95% CI [−1.3, −0.09]). Further, in all courses but physics 1, final course grades were higher for the control group over the treatment group, significantly so for only physics 2 (Table 6) , although the effect size was small (d = 0.4, 95% CI [0.04, 0.8]). Further, there was no significant difference in the distribution of final grades between treatment and control groups for women or men in any course (Table 7) .
DISCUSSION
The existence of an achievement gap is often an assumption of the undergraduate physics classroom, yet remains an unknown in introductory biology and biochemistry courses. However, across semesters and outcome measures, we found no substantial evidence of an achievement gap between men and women in either introductory calculusbased physics courses or introductory biology and biochemistry. Although these findings align with studies in astronomy (Hufnagel et al., 2004; Willoughby and Metz, 2009 ) and biology (Willoughby and Metz, 2009) , they contradict what is typically reported in physics (Lorenzo et al., 2006; Pollock et al., 2007; Miyake et al., 2010) . Such discrepancies may be attributable to biases in how learning gains are calculated; indeed, normalized learning gains are particularly susceptible to bias, because there is a strong relationship between pretest scores and normalized learning gains (Coletta and Phillips, 2005; Brogt et al., 2007) . For example, because men typically have higher pretest scores than women on common physics concept inventories (e.g., Force Concept Inventory or Force and Motion Conceptual Evaluation), the subsequent calculation of normalized learning gains is particularly likely to identify a gender achievement gap. Our results utilized normalized learning gains, further underscoring the lack of an achievement gap in the sampled science courses. Explaining gender achievement gaps, however, goes beyond statistical biases. Stereotype threat can play a role in student achievement, especially, as noted, on standardized tests and concept inventories in science and math. Women in science often ascribe to a negative stereotype regarding women's scientific competency. However, in this study, we found little to support the claim that women in the sampled population were endorsing a stereotype threat; rather, our evidence suggests that most women, and even men, reject this claim. We are cautious in our interpretation of these data for several reasons. In physics, these results may reflect the small sample size of women, although in such cases we might expect women would more readily self-identify as female and thus face an increased risk of experiencing stereotype threat. However, these results may reflect a stereotype reactance effect, wherein the stereotype is so blatant that women respond by overperforming (Kray et al., 2001) . Although our sample sizes for introductory biology and biochemistry are more robust, we believe this study is one of the first to explicitly explore gender achievement gaps and stereotype threat at the undergraduate level in either biology or biochemistry. As such, this research represents a single time point and institution and is hardly representative of national trends.
Still, these results are perplexing in light of the broader research landscape, prompting us to question why these students may not ascribe to gender-based stereotype threats. One possible explanation emerges from self-efficacy literature, specifically, the role of vicarious experiences in shap- ing student's beliefs regarding self-efficacy. Vicarious experiences involve more than just a positive role model; they reflect repeated observations of "others perform[ing] threatening activities without adverse consequences" (Bandura, 1977) . By extension, the observer can predict that her hard work and persistence can result in success. In the undergraduate setting, vicarious experiences for women include observing women in roles of authority and as experts, such as lab and recitation teaching assistants and course instructors. Given the institutional context of this study, vicarious experiences may play an important role in a student's perception of self-efficacy and stereotype threat. Introductory biology and biochemistry are both taught by female instructors, and female graduate students often lead the associated labs; thus, students are afforded multiple opportunities to observe women doing biology and biochemistry and may have greater self-efficacy when doing biology and biochemistry themselves. All women enrolled in biochemistry would have successfully completed at least one course in biology, and many would have also successfully completed a physics course. Prior success in biology and physics might serve to affirm women's beliefs in biochemistry that they "belong" in the field. Conversely, the physics department has only one female faculty member, and at the time of this study, no female graduate students. Thus, opportunities to observe women performing "threatening activities" were rare. However, we note the somewhat anomalous result of physics 2, in which 91% of women disagree or strongly disagree with the claim that men generally do better in physics. Taught by a female faculty member, instruction in this course regularly offers women an opportunity to observe a woman doing physics and may promote positive feelings of self-efficacy in female students. Further, women enrolled in physics 2 had successfully completed physics 1 (or equivalent), which is a prerequisite to physics 2, and therefore may have already identified themselves as capable of doing well in physics. Just as vicarious experiences can influence endorsement of stereotype threat, other contextual elements might explain our inability to detect meaningful differences in achievement and stereotype threat endorsement. Schmader et al. (2008) presented a model postulating a link between stereotype threat and the activation of processes that tax otherwise available cognitive resources (e.g., physiological stress, suppression of negative emotions, and performance monitoring). When individuals endorse stereotypes, they are less likely to perform well, because they have fewer cognitive resources available. Alter et al. (2010) demonstrate that the way in which a task is presented can affect the degree to which an individual endorses or identifies with a given stereotype. They demonstrated differential performance in stereotyped groups dependent upon how a task was presented-either as a task or as a challenge. When groups susceptible to stereotype threat were presented a task couched as a threat (e.g., a measure of intelligence or academic ability), their performance was significantly poorer than when the task was presented as a challenge (e.g., a potentially difficult task from which much useful skills or knowledge could be learned). In our study, the concept inventories were introduced as neither a threat nor a challenge-rather the emphasis of the exercise was placed on completion of the task. As a result, we may have created an environment that reduced the activation of stereotype threat, which could explain the lack of achievement gap between groups of students.
Finally, the changing demographic of undergraduate students across the nation may impact the stereotypes students identify, the subsequent stereotype threats they are at risk of confirming, and ultimately, their performance and persistence in science. For example, we note that the student population sampled in this study differs substantially from the population studied in Miyake et al. (2010) , with weaker academic preparation based on composite and subject area ACT scores and high school GPAs of entering freshmen. As a result, the aspirations, motivations, and self-efficacy of students in this study may differ markedly from those students attending a more competitive school, such as the one studied by Miyake et al. (2010) .
IMPLICATIONS
Introductory science courses are diverse, complex systems with the potential to impact learning in multiple and sometimes unanticipated ways. Course context, including decisions about instructional practices, in concert with the changing demographic of our undergraduates, may reduce or enhance the prevalence of a gender achievement gap, as mediated by stereotype threat endorsement. As this research shows, gender achievement gaps are not a certainty in the science classroom, and stereotype threat endorsement may reflect factors of which we are currently unaware. We believe that this research supports recent calls from the DBER community (Singer et al., 2012) for replication studies that investigate the role of gender in learning undergraduate science across a variety of course settings, time, and different outcome measures.
